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(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\LHOG/LNHZLVHUHVLOLHQFHRI
D SURFHVV V\VWHP FDQ DOVR EH GHILQHG DV WKH DPRXQW RI HQHUJ\ WKH V\VWHP FDQ VWRUH EHIRUH UHDFKLQJ LWV SRLQW RI
LQVWDELOLW\ 0LWFKHOO DQG0DQQDQ  6\VWHP LQVWDELOLW\PD\ EH XQGHUVWRRG DV LQDELOLW\ RI WKH V\VWHP WR SHUIRUP
HIILFLHQWO\DWLWVWDUJHWHGSHUIRUPDQFHOHYHOV6LPLODUWRDPDWHULDOUHVLOLHQFHPDJQLWXGHRIDSURFHVVV\VWHPPD\DOVR
EH TXDQWLILHG DV WKH DUHD XQGHU WKH V\VWHP VWUHVVVWUDLQ FXUYH IURP WKH VWUHVV YDOXH FRUUHVSRQGLQJ WR DPLQLPXP
RSHUDWLQJ FRQGLWLRQ WR WKH VWUHVV YDOXH FRUUHVSRQGLQJ WR DPD[LPXP DOORZDEOH RSHUDWLQJ FRQGLWLRQ 6WUHVV YDOXH
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FDQEHXVHGWRHVWLPDWHIORZLQJVWHDPWHPSHUDWXUH7DWDQ\SLSHOHQJWK/6ORFXPDVVHVVHGV\VWHPUHVLOLHQFHIRUD
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RSHUDWLRQZDVSURSRVHGE\6ZDQH\DQG*URVVPDQQ=KHQ=KDQJHWDOGHVFULEHGWKHSURFHGXUHIRUTXDQWLILFDWLRQ
RIUHVLOLHQFHRIZDWHUQHWZRUNV7KH\SURSRVHGWKDWDQHZSDUDPHWHU³7D:1WROHUDQFHDPRXQWRIDZDWHUQHWZRUN´
FDQEHXVHGWRTXDQWLI\UHVLOLHQFHRIDZDWHUQHWZRUNV\VWHP6KLUDOLHWDOLGHQWLILHGWKHFKDOOHQJHVLQWKHSURFHGXUH
RIEXLOGLQJUHVLOLHQFHRU³DGDSWLYHFDSDFLW\´RIDFKHPLFDOSODQW7DQHWDOXVHG0RQWH&DUORVLPXODWLRQWHFKQLTXH
IRUHYDOXDWLRQRIVHQVLWLYLW\RIZDWHUQHWZRUNVWRQRLV\PDVVORDGV7KHLUPHWKRGVFRXOGVHOHFWWKHPRVWUREXVWQHWZRUN
GHVLJQIURPDYDLODEOHDOWHUQDWLYHV

,WLVEHOLHYHGWKDWDOOV\VWHPVDUHGHVLJQHGWRZLWKVWDQGDUDQJHRIHQHUJ\DPRXQWVRUHQHUJ\LQSXWV,IDQHQHUJ\LQSXW
RXWVLGH WKH WROHUDQFH UDQJH LV DSSOLHG WR D V\VWHP WKH V\VWHPPD\ H[SHULHQFH D IDLOXUH VLQFH WKH V\VWHPZDVQRW
GHVLJQHGWRRSHUDWHXQGHUVXFKRSHUDWLQJFRQGLWLRQV,QWKLVFRQWH[W IDLOXUHRIDV\VWHPLVWREHXQGHUVWRRGDVLWV
LQDELOLW\WRSHUIRUPHIILFLHQWO\DWWKHWDUJHWHGSHUIRUPDQFHOHYHOVDQGLWGRHVQRWUHIHUWRORVVRIFRQWDLQPHQWGXHWR
UXSWXUHRURWKHUNLQGVRISK\VLFDOIDLOXUHV7KXVDFFXUDWHO\GHWHUPLQLQJWKHV\VWHPWROHUDQFHUDQJHRIDSSOLHGHQHUJ\
LQSXWDQGEHKDYLRXURIWKHV\VWHPDWGLIIHUHQWHQHUJ\LQSXWVPD\KHOSGHWHUPLQHWKHVDIHUDQJHRIRSHUDWLQJFRQGLWLRQV
7KHFRQFHSWRIUHVLOLHQFHGHVFULEHGDERYHZLOODLGLQWKHGHWHUPLQDWLRQRIWKHVHDSSURSULDWHRUVDIHRSHUDWLQJUDQJHV
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 5HJHQHUDWRUYROXPHP
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 0(7+2'2/2*<
(YDOXDWLRQRI6\VWHP5HVLOLHQFH
7KHPHWKRGRORJ\ GHVFULEHG LQ WKH IROORZLQJ SDUDJUDSKV HQDEOHV RQH WR GHYHORS TXDQWLWDWLYH FRUUHODWLRQV IRU WKH
TXDQWLILFDWLRQRI LQKHUHQW V\VWHP UHVLOLHQFHSURSHUWLHV IRU WKH FDVH VWXG\RI D UHJHQHUDWRU FROXPQ V\VWHPXVHG LQ
UHJHQHUDWLRQRI'LHWKDQRODPLQHVROYHQWLQD*DV6ZHHWHQLQJ8QLW7KHIL[HGGLPHQVLRQVRIWKHFROXPQDUHP
+HLJKW7/7/DQGPGLDPHWHU7KHFROXPQKDVEHHQXVHGLQUHJHQHUDWLRQRI+6ULFK'LHWKDQRODPLQHVROYHQW
'($ ZKLFK LV XWLOL]HG IRU VZHHWHQLQJ RI VRXU QDWXUDO JDV 1DWXUDO JDV FRQWDLQLQJ  ZW +6 LQ WKH *DV
6ZHHWHQLQJ8QLW*687KH*DV6ZHHWHQLQJ8QLWLVGHVLJQHGIRUWUHDWHGJDV+6VSHFLILFDWLRQRISSPZ

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FLUFXODWLRQPDVVIORZUDWHLQWKHUHJHQHUDWRUFROXPQ,QKHUHQWUHVLOLHQFHRIWKHUHJHQHUDWRU
FROXPQV\VWHPKDYHEHHQHYDOXDWHGE\HVWLPDWLQJWKHDUHDXQGHUWKHV\VWHP6WUHVV6WUDLQFXUYHIRUGHYLDWLRQVLQPDVV
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VROYHQW FLUFXODWLRQPDVV IORZ UDWH
0DWKHPDWLFDO PRGHOLQJ DQG FRPSXWHU VLPXODWLRQ KDYH EHHQ FDUULHG RXW XVLQJ D SURFHVV VLPXODWRU 352,,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JHQHUDWLRQRIUHJHQHUDWRUV\VWHPVWUHVVVWUDLQGDWD
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DSSOLFDWLRQLQGHYHORSPHQWRIFRUUHODWLRQVIRUTXDQWLILFDWLRQRILQKHUHQWV\VWHPUHVLOLHQFHPRGXOXVRIUHVLOLHQFHIRU
WKHUHJHQHUDWRUFROXPQV\VWHP
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TM >PK7V@LQ>PK7V@RXW77UHE4UHE ([HUJ\ORVW 
            
7DNLQJLQWRDFFRXQWWKHUHJHQHUDWRUFROXPQV\VWHPERXQGDULHVDVGHILQHGLQ)LJRQHFDQHODERUDWH(TDVJLYHQ
EHORZ
, 7ȕUHJ >/VUEVU@±>9DJEDJ/VOEVO@77UHE4UHE ([HUJ\ORVW    
        
6LQFHOLNHZLVHDQ\RWKHUIORZV\VWHPVDVFRQFHLYHGE\*XKDDQG'DVV\VWHPVWUDLQXQGHUVWHDG\IORZFRQGLWLRQIRU
UHJHQHUDWRUFROXPQV\VWHPLVDOVRHTXDO WRUDWLRRI WRWDO([HUJ\ORVWRU:DVWHZRUNRU,UUHYHUVLELOLW\ WRWRWDO,QSXW
([HUJ\WKHV\VWHPVWUDLQIRUUHJHQHUDWRUFROXPQV\VWHPFDQEHHVWLPDWHGXVLQJIROORZLQJHTXDWLRQ

6VQUHJ >/VUEVU@±>9DJEDJ/VOEVO@77UHE4UHE/VU>KVU±KVU±7VVUVVU@77UHE4UHE 
 
,Q(TWKHGHQRPLQDWRULVWKHWRWDOLQSXWH[HUJ\IRUWKHUHJHQHUDWRUFROXPQV\VWHPDQGLWLVH[SUHVVHGDV
([HUJ\LQ /VU>KVU±KVU±7VVUVVU@77UHE4UHE      

8VLQJWKHDERYHHTXDWLRQVWKHV\VWHPPRGXOXVRIUHVLOLHQFH8UIRUWKHUHJHQHUDWRUFROXPQV\VWHPFDQEHHYDOXDWHG
HDVLO\E\HVWLPDWLQJWKHDUHDXQGHUWKHSORWRIVWUHVVYHUVXVVWUDLQGDWDJHQHUDWHGIRUWKHV\VWHP
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
)LJ*DV6ZHHWHQLQJ8QLWVKRZLQJ5HJHQHUDWRU&ROXPQ6\VWHP%RXQGDU\

$VVHVVPHQWRIWKHUPRG\QDPLFHIILFLHQF\
,QDGGLWLRQ WRHVWLPDWLRQRI V\VWHPUHVLOLHQFHPRGXOXV ILJXUHVRQHFDQXVH WKHDERYHGHVFULEHGPHWKRGRORJ\ IRU
DVVHVVPHQW RI WKHUPRG\QDPLF HIILFLHQFLHV RI WKH UHJHQHUDWRU FROXPQ V\VWHP LQ VHYHUDO ZD\V GHSHQGLQJ RQ YLHZ
SRLQWV,QWKLVZRUNDQHZPHDVXUHRIWKHUPRG\QDPLFHIILFLHQF\RIWKHUHJHQHUDWLRQSURFHVVLVSURSRVHGDQGLWLV
WHUPHGDV7KHUPRG\QDPLF&RHIILFLHQWRI3HUIRUPDQFH7+&23RIWKHUHJHQHUDWRUFROXPQV\VWHP7+&23RIWKH
UHJHQHUDWRUFROXPQV\VWHPFDQEHGHILQHGDVWKHUDWLRRIUDWHRIHQWURS\RXWIORZIURPWKHUHJHQHUDWRUFROXPQV\VWHP
WRWKHUDWHRIHQWURS\LQIORZLQWRWKHUHJHQHUDWRUFROXPQV\VWHPRU

>7+&23@UHJ ^PLVL`RXW^PLVL`LQ         
      
6LQFHIRUDQ\UHDOUHJHQHUDWLRQV\VWHPXQGHUVWHDG\VWDWHWKHHQWURS\EDODQFHUHODWLRQLVDSSOLFDEOHRQHFDQVWDWH
WKDW

^PLVL`RXW ^PLVL`LQȕ          
     
>7+&23@UHJFDQWKHQEHZULWWHQDV

>7+&23@UHJ >ȕ^PLVL`LQ@ >ȕ/VUVVU@       
      
+HUH>7+&23@UHJKDVEHHQHQYLVDJHGDVDPHDVXUHRIWKHUPRG\QDPLFHIILFLHQF\RIDPLQHUHJHQHUDWLRQSURFHVV7KH
DPLQHUHJHQHUDWLRQSURFHVVZLOOEHPRVWHIILFLHQWZKHQ>7+&23@UHJYDOXHZLOOEHHTXDOWRRUWKHUDWHRILUUHYHUVLEOH
HQWURS\FUHDWLRQȕZLOOEHHTXDOWR]HUR+RZHYHUIRUDOOUHDODPLQHUHJHQHUDWLRQSURFHVVHV>7+&23@UHJZLOOEH
JUHDWHUWKDQDVȕYDOXHVZLOOEHDOZD\VJUHDWHUWKDQ]HURGXHWRVWDJHPL[LQJPL[LQJRIVWUHDPVDWQRQHTXLOLEULXP
WHPSHUDWXUHVDQGFRPSRVLWLRQVLQUHJHQHUDWRUFROXPQVWDJHV

'HWHUPLQDWLRQRIPHDQPRGXOXVRIHODVWLFLW\DQGRUGHURIPDJQLWXGHRIOLPLWLQJVWUHVV

,QRUGHUWRHYDOXDWHWKHPHDQPRGXOXVRIHODVWLFLW\RIWKHUHJHQHUDWRUFROXPQV\VWHPDQGWKHRUGHURIPDJQLWXGHRI
OLPLWLQJVWUHVVIRUFDVHRIYDULDWLRQRIPDVVIORZUDWHRIIHHGVRXUJDVDQGFRUUHVSRQGLQJYDULDWLRQRI'($VROYHQW
FLUFXODWLRQPDVVIORZUDWHLQWKHUHJHQHUDWRUFROXPQIROORZLQJSURFHGXUHFDQEHIROORZHG



5HJHQHUDWRU&ROXPQ
6\VWHP%RXQGDU\

$FLG*DV7UHDWHG*DV

)HHG6RXU*DV
/HDQ
$PLQH
5LFK
$PLQH

8SVWUHDP
5HJHQHUDWRU&ROXPQ
$EVRUEHU&ROXPQ
5H%RLOHU
/HDQ5LFK([FKDQJHU

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,QWKHV\VWHPVWUHVVVWUDLQSORWVWUHVVFDQEHH[SUHVVHGDVDIXQFWLRQRIVWUDLQHJSRZHUODZUHODWLRQVXFKDVݕ ൌ
ܣݔ௡ZKHUH$LVDFRQVWDQW\LVVWUHVVLQ.-PVHFDQG[LVVWUDLQQLVDQH[SRQHQWDQGWKHQRQHFDQHDVLO\
HYDOXDWHWKHPRGXOXVRIHODVWLFLW\RIWKHUHJHQHUDWRUFROXPQV\VWHP(V\VDVDIXQFWLRQRIVWUDLQ[DV
(V\V 
ௗ௬
ௗ௫
ൌ ௗሺ஺Ǥ௫
೙ሻ
ௗ௫
ൌ ܣǤ ݊Ǥ ݔ௡ିଵ         
     
8VLQJ(TPHDQPRGXOXVRIHODVWLFLW\RIDV\VWHPƜV\VFDQEHHYDOXDWHGDV
ƜV\V 
׬ ୉ୱ୷ୱǤୢ୶
ೣ೘ೌೣ
ೣ೘೔೙
ሺ௫௠௔௫ି௫௠௜௡ሻ
  ׬
൫஺Ǥ௡Ǥ௫೙షభ൯ೣ೘ೌೣೣ೘೔೙ ௗ௫
ሺ௫௠௔௫ି௫௠௜௡ሻ
       
     
:KHUHݔ݉ܽݔLVPD[LPXPVWUDLQYDOXHLQWKHV\VWHPVWUHVVVWUDLQSORWDQGݔ݉݅݊LVPLQLPXPVWUDLQYDOXHLQWKLV
SORW2QFHƜV\VYDOXHLVHYDOXDWHGIURP(TDQGDVVXPLQJWKDWOLPLWLQJVWUDLQYDOXHLVYHU\FORVHWRPLQLPXPRU
PD[LPXPVWUDLQYDOXHLQWKHV\VWHPVWUHVVVWUDLQSORWWKHRUGHURIPDJQLWXGHRIV\VWHPOLPLWLQJVWUHVV<V\V/LPLWFDQ
EHHVWLPDWHGE\OLQHDULQWHUSRODWLRQDV
<V\V/LPLW \PLQƜV\V¨[          
     
:KHUH\PLQLVWKHPLQLPXPVWUHVVYDOXHLQWKHV\VWHPVWUHVVVWUDLQSORWDQG¨[LVWKHGLIIHUHQFHLQPD[LPXPDQG
PLQLPXPVWUDLQYDOXHVLQWKLVSORW<V\V/LPLWHVWLPDWHGIRUWKHUHJHQHUDWRUFROXPQZLOOFRUUHVSRQGWRFHUWDLQIORZ
UDWHYDOXHRI'($FLUFXODWLRQPDVVIORZUDWHDQGDOVRFRUUHVSRQGLQJO\WRDIHHGVRXUJDVPDVVIORZUDWH7KLVYDOXH
FDQHDVLO\EHGHWHUPLQHGIURPWKHSORWRIUHJHQHUDWRUV\VWHPVWUHVVDVIXQFWLRQVRIIHHGVRXUJDVIORZUDWHRU
FRUUHVSRQGLQJ'($FLUFXODWLRQPDVVIORZUDWH
 5(68/76$1'',6&866,21
&RPSXWHUVLPXODWLRQKDVEHHQFDUULHGRXWXVLQJDSURFHVVVLPXODWRU352,,LQRUGHUWRDVVHVYDULDWLRQRIVWUHVVDQG
VWUDLQZLWKWKHGHYLDWLRQLQPDVVIORZUDWHRIIHHGVRXUQDWXUDOJDVLQWRWKHXSVWUHDPDEVRUEHUFROXPQDQG
FRUUHVSRQGLQJYDULDWLRQRI'($VROYHQWFLUFXODWLRQPDVVIORZUDWHLQWKHUHJHQHUDWRUFROXPQ)LQDOO\V\VWHP
UHVLOLHQFHGDWDKDYHEHHQHVWLPDWHGE\FRPSXWLQJWKHDUHDVXQGHUWKH6WUHVV±6WUDLQSORWDGRSWLQJQXPHULFDO
LQWHJUDWLRQWHFKQLTXH7KHV\VWHPLVGHILQHGLQ7DEOHDQGWKHUHVXOWVUHODWHGWRHIIHFWVRIYDULDWLRQRIIORZRIIHHG
VRXUQDWXUDOJDVRQWKHUHJHQHUDWRUV\VWHPDUHJLYHQLQ)LJXUHVWR
7DEOH5HJHQHUDWRU&ROXPQ6\VWHP
6\VWHP
5HJHQHUDWRU&ROXPQ
'LPHQVLRQV+HLJKW P7/7/,QWHUQDO'LDPHWHU P1RRIWKHRUHWLFDOVWDJHV LQFOXGLQJRQHUH
ERLOHU
)HHG+6ULFKa'($'LHWKDQRODPLQH
3URGXFWV+6OHDQa'($$FLG*DVa+6
'DWXP&RQGLWLRQV3UHVV .JFPD7HPSHUDWXUH R&.
'HVLJQRYHUDOOWUD\(IILFLHQF\ 
1RRIDFWXDO7UD\V 9DOYHW\SH
5HERLOHU7\SH.HWWOH
)HHG6RXU*DVIORZUDWHYDULDWLRQIURPWRIORZUDWH NJKU
)HHG6RXU*DV,QOHW3UHVVXUHDWXSVWUHDP
DEVRUEHUUHIHU)LJ


)HHG6RXU*DV,QOHW
7HPSHUDWXUHDWXSVWUHDP
DEVRUEHUUHIHU)LJ
'($&LUFXODWLRQPDVV
IORZUDWHYDULDWLRQLQ
5HJHQHUDWRU
5HERLOHUKHDWGXW\00
.-KUYDULDWLRQ
NJFPD R& .JKU.JKU  ±
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
)LJ5HJHQHUDWRU&ROXPQ6\VWHP6WUHVV±6WUDLQ3ORW



)LJ5HJHQHUDWRU8SVWUHDP)HHG6RXU*DV)ORZ6WUHVV3ORW
)LJVKRZVWKHUHJHQHUDWRUFROXPQV\VWHP6WUHVVYV6WUDLQSORWIRUULFK'($PDVVIORZUDWHYDULDWLRQIURP
.JKUWR.JKU7KHFRUUHVSRQGLQJVRXUIHHGJDVIORZUDWHYDULDWLRQLQXSVWUHDPDEVRUEHUFROXPQLV
WRVRXUIHHGJDVIORZUDWHLV.JK7KHFXUYHLQGLFDWHVWKDWWKH6\VWHP0RGXOXVRI5HVLOLHQFH
8UYDOXHVIRUGLIIHUHQWIORZYDULDWLRQUHJLPHVDUHLQYHUVHO\SURSRUWLRQDOWR6\VWHP0RGXOXVRI(ODVWLFLW\(V\V
YDOXHVLQWKHVDPHIORZYDULDWLRQUHJLPHV

$EQRUPDOO\KLJK(V\VYDOXHSURYLGHVLQIRUPDWLRQDERXWV\VWHPIDLOXUHIORZUHJLPHZLWKUHVSHFWWRWDUJHWHG
SHUIRUPDQFHOHYHOVHJIDLOXUHWRPHHWOHDQ'($VSHFLILFDWLRQV7KLVEHKDYLRURIWKHUHJHQHUDWRUFROXPQV\VWHP
LVVLPLODUWREHKDYLRURIDPDWHULDO7KHRYHUDOOPRGXOXVRIUHVLOLHQFHLVWKHVXPRIDERYHPHQWLRQHGLQGLYLGXDO
UHVLOLHQFHGDWDDQGLVHVWLPDWHGDV.-PV/LPLWLQJVRXUIHHGJDVIORZUDWHFDQEHHDVLO\LGHQWLILHGIURPWKH
FXUYHE\QRWLFLQJWKHFKDQJHLQWKHQDWXUHRIWKHFXUYHDWVRXUIHHGJDVIORZUDWHRI6\VWHP0HDQ0RGXOXVRI
&'&сϭй&'&сϱϬй
&'&сϭϱϬй
ZĞŐĞŶĞƌĂƚŽƌ,ĞŝŐŚƚсϮϭ͘ϯϱŵ;d>Ͳd>Ϳ
ZĞŐĞŶĞƌĂƚŽƌŝĂŵĞƚĞƌсϬ͘ϵŵ
ϭϬϬй&'&сϮϳϴϭϰ͘ϯ<ŐͬŚƌ
DŽĚƵůƵƐŽĨůĂƐƚŝĐŝƚǇсƐǇƐ;<:ͬŵϯͲƐĞĐͿ
DĞĂŶDŽĚƵůƵƐŽĨůĂƐƚŝĐŝƚǇ;ƜƐǇƐͿсϭϱϱ;<:ͬŵϯͲƐĞĐͿ
Ϭ
ϮϬ
ϰϬ
ϲϬ
ϴϬ
ϭϬϬ
ϭϮϬ
ϭϰϬ
ϭϲϬ
ϭϴϬ
ϮϬϬ
Ϭ Ϭ͘ϬϮ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘Ϭϴ Ϭ͘ϭ
^dZ/E
^d
Z
^^
;<
:ͬ
ŵ
ϯ ͲƐ
ĞĐ
Ϳ
KǀĞƌĂůů^ǇƐƚĞŵ
DŽĚƵůƵƐ ŽĨ
ZĞƐŝůŝĞŶĐĞ;єhƌͿс
ϴ͘Ϭ<:ͬŵϯͲƐ
&ůŽǁ&'&ůŽǁ
;<ŐͬŚƌͿ;йͿ
ϲϵϱϰϭ
ϳϬϯϵϮϱ
ϳϭϮϴϱϬ
ϳϯϬϱϭϬϬ
ϳϲϱϰϭϭϱ
ϭϭϱϯϯϭϱϬ
&'с&ĞĞĚ'ĂƐ
сŝͲƚŚĂŶŽů
ŵŝŶĞ;ƌŝĐŚͿ
&'&сϮϱй
&'&сϭϭϱй
hƌ;ϭйͲ ϮϱйͿсϮ͘ϲ͕ƐǇƐ;ϭйͲϮϱйͿ сϰϰ͘ϲ
hƌ;ϮϱйͲϱϬйͿсϮ͘ϵ͕ƐǇƐ;ϮϱйͲϱϬйͿсϰϮ͘ϱ
hƌ;ϱϬйͲϭϬϬйͿсϭ͘ϱ͕ƐǇƐ;ϱϬйͲϭϬϬйͿсϭϵϱ
hƌ;ϭϬϬйͲϭϭϱйͿсϬ͘ϱ͕ƐǇƐ;ϭϬϬйͲϭϭϱйͿсϭϳϲϬ
hƌ;ϭϭϱйͲϭϱϬйͿсϬ͘ϱ͕ƐǇƐ;ϭϭϱйͲϭϱϬйͿсϭϰϱϮϬ
Ϭ
ϱϬ
ϭϬϬ
ϭϱϬ
ϮϬϬ
Ϭ ϮϬ ϰϬ ϲϬ ϴϬ ϭϬϬ ϭϮϬ ϭϰϬ ϭϲϬ
^dZ^^;<:ͬŵϯͲƐĞĐͿ
&^KhZ'^&>Ktй
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(ODVWLFLW\ƜV\VDQGRUGHURIPDJQLWXGHRIV\VWHPOLPLWLQJVWUHVV<V\VOLPLWDVHYDOXDWHGXVLQJ(TQ	DUH
UHSRUWHGDV.-PVDQG.-PV



)LJ5HJHQHUDWRU8SVWUHDP)HHG6RXU*DV)ORZ6WUDLQ3ORW
,Q)LJ5HJHQHUDWRU&ROXPQ6WUHVVLVSORWWHGDJDLQVW)HHG6RXU*DV)ORZ7KLVFXUYHDOVRLQGLFDWHVWKDWIRU
OLPLWLQJVWUHVVYDOXHRI.-PVWKHOLPLWLQJVRXUIHHGJDVIORZUDWHLVDURXQG6LPLODUO\LQ)LJ6WUDLQ
LVSORWWHGDJDLQVW)HHG6RXU*DV)ORZ7KHFXUYHLQGLFDWHVWKDWWKHPLQLPXPVWUDLQRIRFFXUVDWWKHOLPLWLQJ
VRXUIHHGJDVIORZUDWHRIa7KXV)LJ	FOHDUO\LQGLFDWHWKDWWKHUHJHQHUDWRUFROXPQV\VWHPXQGHU
VWXG\SRVVHVVHVLQKHUHQWUHVLOLHQFHRIDURXQGZLWKUHVSHFWWRYDULDWLRQLQXSVWUHDPIHHGVRXUJDVIORZUDWH
EH\RQGGHVLJQIORZUDWHRI.JK

,Q)LJ:DVWH:RUNLVSORWWHGDJDLQVW)HHG6RXU*DV)ORZ7KHSORWLQGLFDWHVWKDW:DVWH:RUNJRHVWKURXJK
PLQLPDDWIHHGVRXUJDVIORZUDWHUDQJHIURPRIGHVLJQIHHGVRXUJDVIORZRI.JKU,Q)LJ
7+&23LVSORWWHGDJDLQVW)HHG6RXU*DV)ORZ7KLVSORWDOVRLQGLFDWHVWKDW7+&23JRHVWKURXJKDPLQLPDDW
IHHGVRXUJDVIORZUDWHUDQJHIURPRIGHVLJQIHHGVRXUJDVIORZRI.JKU7KXV)LJ	FOHDUO\
LQGLFDWHWKDWIRUD'($UHJHQHUDWLRQV\VWHPRSHUDWLQJFDSDFLW\UDQJHRIZLOOEHWKHPRVW
WKHUPRG\QDPLFDOO\HIILFLHQWRSWLPXPIORZUHJLPHIURPHQHUJ\FRQVXPSWLRQSRLQWRIYLHZ

 &21&/86,216
7KHUHJHQHUDWRUFROXPQV\VWHPXQGHUVWXG\SRVVHVVHVLQKHUHQWUHVLOLHQFHRIDURXQGZLWKUHVSHFWWRYDULDWLRQLQ
XSVWUHDPIHHGVRXUJDVIORZUDWHEH\RQGGHVLJQIORZUDWHLH.JK7KLVZRUNFHUWDLQO\SURYLGHVD
QHZFRPSUHKHQVLYHIUDPHZRUNIRUDSSOLFDWLRQRIUHVLOLHQFHDQDO\VLVLQWRHTXLSPHQWGHVLJQZLWKUHJDUGWRFRVW
UHGXFWLRQE\WDNLQJLQWRDFFRXQWFHUWDLQFUHGLWRILQKHUHQWUHVLOLHQFHZLWKUHVSHFWWRYDULDWLRQLQRSHUDWLQJ
FRQGLWLRQV,QFDVHRIWKHUHJHQHUDWRUFROXPQVWXGLHGLQWKLVZRUNWKHFROXPQPD\EHDOORZHGRYHUFDSDFLW\
IDFWRULQVSLWHRIWKHVDPHEHLQJGHVLJQHGIRUGHVLJQFDSDFLW\7KHDQDO\VLVFDUULHGRXWLQWKLVZRUNDOVR
HQDEOHVXVWRLGHQWLI\PRVWWKHUPRG\QDPLFDOO\HIILFLHQWRSWLPXPFDSDFLW\UHJLPHIURPHQHUJ\FRQVXPSWLRQSRLQW
RIYLHZIRUD'($EDVHGUHJHQHUDWLRQSURFHVV7KHNQRZOHGJHRIPRVWWKHUPRG\QDPLFDOO\HIILFLHQWRSWLPXP
FDSDFLW\UHJLPHZLOOFHUWDLQO\SURYLGHXVWKHJXLGHOLQHVIRUPLQLPL]LQJWKH23(;RSHUDWLQJH[SHQGLWXUHIRUD
VZHHWHQLQJSURFHVV7KHVWXG\DOVRSURYLGHVXVLQIRUPDWLRQDERXWV\VWHPIDLOXUHIORZUHJLPHZLWKUHVSHFWWR
WDUJHWHGSHUIRUPDQFHOHYHOVHJIDLOXUHWRPHHWOHDQ'($VSHFLILFDWLRQV
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